Large low field magnetoresistance ͑LFMR͒ of about 28% is observed in La 0.67 Sr 0.33 MnO 3 nanowires with 80 nm in diameter at T = 300 K. A gradual decrease in the LFMR has been found with increase in wire diameter. The LFMR drops to zero for wires above 280 nm in diameter. The nanowires are grown by means of electrospinning process and exhibit distorted orthorhombic crystal structure. The large LFMR is considered as a grain boundary effect as observed in several perovskite systems. The large LFMR observed in these manganites with reduced dimensions may be useful for room temperature device applications.
Manganites of general formula La 1−x A x MnO 3 , where A is a divalent cation ͑Ba, Ca, Sr͒ are well known materials for the colossal magnetoresistance ͑MR͒ effect observed near the ferromagnetic-paramagnetic transition temperature, T c .
1-3 Among them, one of the most studied compounds is La 0.67 Sr 0.33 MnO 3 ͑LSMO͒, 3-5 which exhibits high spin polarization 4 and a transport half-metallic behavior 5 making it attractive for device applications. But magnetic fields of several teslas are typically required to observe the large resistance change, limiting the material for potential applications at room temperature. [1] [2] [3] [4] [5] However, a few studies have shown the low field MR ͑LFMR͒ effect through artificial or natural grain boundaries, 6 spin-polarized intergrain tunneling, 7 and in trilayer epitaxial tunnel structures 8 but when the temperature increases to room temperature; the LFMR significantly decreases and makes the materials less attractive for the device applications. Due to the difficulty in LSMO nanowire growth, the electrical and magnetotransport studies on one-dimensional LSMO nanowires are not completely explored [9] [10] [11] and no work has been reported yet on LFMR at room temperature in LSMO nanowires. 12, 13 In this work, we have carried out a systematic investigation on magnetotransport properties of electrospun LSMO wires with diameters ranging from 80 to 300 nm. The nanowires with diameters around 100 nm exhibit large LFMR effect at room temperature. The LFMR effect reduces with the increase in the LSMO wire diameter and no LFMR effect is observed in wires with diameter greater than 280 nm. The origin of large LFMR observed in these nanostructures is discussed based on the spin-polarized inter grain tunneling. 7 The high quality LSMO wires with varying diameters were grown by the electrospinning process.
14,15 Appropriate amounts of commercially available La͑NO 3 ͒ 3 ·6H 2 O, Mn͑NO 3 ͒ 2 ·2H 2 O, and Sr͑NO 3 ͒ 2 were initially prepared as an aqueous solution and polyvinylpyrrolidone ͑PVP͒ beads were used to bind this solution. The experimental details for tailoring the electrospinning process were described in our early work. 15 After the electrospinning process, the collected wires were annealed at 550°C for 3 h to evaporate PVP in ultrahigh purity argon and 3% hydrogen gas mixture. Additional 1 h annealing was carried out in argon and 10% oxygen atmosphere at 730°C. The morphology of the as-grown wires was analyzed using a scanning electron microscope ͑SEM͒, and the crystal structure was determined by x-ray diffraction ͑XRD͒ with Cu K␣ radiation. A single-grating spectrograph and notch filter micro-Raman system was used to gather the Raman spectra at room temperature. The Raman spectrum was excited at 514.5 nm by an argon ion laser, which was focused to a 10 m diameter spot on each sample. The laser power was approximately 2-3 mW. The magnetic measurements of the as-grown wire ensemble were investigated using a superconducting quantum interference device magnetometer in the temperature range of 10-400 K. Single LSMO wire devices were fabricated by the standard electron beam lithography, while Ti/Cu electrodes with a total thickness of 100-300 nm were deposited in an ultrahigh vacuum system. 16 The electrical measurements were carried out using an Agilent 4156C parametric analyzer. A typical SEM image of the as-grown LSMO wires that were grown on a silicon substrate is shown in Fig. 1͑a͒ . The inset of Fig.  1͑a͒ shows the frequency distribution of the wire diameter. The diameter of the wires varies from 80 to 300 nm and the lengths up to 200 m. Figure 1͑b͒ indicates that all the XRD peaks can be indexed to orthorhombic ͑Pnma͒ pervoskite structure without any other secondary phases. The inset of Fig. 1͑b͒ displays the peak splitting corresponding to the orthorhombic phase. The lattice parameters of the indexed phase are a = 5.454 Å, b = 7.695 Å, c = 5.458 Å and the unit cell volume is 229.064 Å 3 . It is known that bulk LSMO crystallizes in rhombohedral R3c symmetry. 3 However, monoclinic and orthorhombic structures are also reported on other LSMO nanomaterials. 11, 13 Figure 2͑a͒ displays the room temperature Raman spectra taken on the as-grown La 1−x Sr x MnO 3 nanowires ͑x = 0, 0.10, and 0.33͒, confirming the orthorhombicity of the LSMO wires. When x = 0, LaMnO 3 exhibits orthorhombic structure. 17 The Raman spectrum of LaMnO 3 displays an intense and a broad peak at 660 cm −1 , that is identified as the B 2g peak which corre- sponds to the stretching and bending of the MnO 6 octahedra. 17 For the x = 0.10 and 0.33, the B 2g peak is shifted to around at 670 cm −1 and its intensity decreases. There are published reports [18] [19] [20] stating that rhombohedral structure does not show any broadbands between 580 and 680 cm −1 but distorted orthorhombic structure does display a peak 19 around 670 cm −1 . It is worth noting that all the samples were kept in high vacuum to avoid surface oxidation that may produce the artificial distorted signals pointed out by Granado et al.
18 Figure 2͑b͒ shows the room temperature as well as low temperature magnetization behavior of as-grown wires. The hysteresis loops were measured with magnetic fields applied parallel to the substrate plane in which the saturation magnetizations and coercivities decrease with increasing temperature. The inset of Fig. 2͑b͒ shows the temperature dependence of magnetization for the LSMO wires with an applied magnetic field of 2 kOe. The wires exhibit ferromagnetic to paramagnetic transition around 350 K. The T c is smaller than the bulk LSMO transition temperature reported at 369 K ͑Ref. 3͒ and higher than that of LSMO nanophase 13 where it was reported at 324 K. The currentvoltage ͑I-V͒ characteristics of single LSMO wire devices with diameter, 80-280 nm were investigated at room temperature with and without the application of external magnetic fields. The data presented here are a representation of the results obtained from analyzing several devices. The SEM image of a typical device is shown in the inset in Fig.   3͑b͒ . External magnetic fields of 300-1000 Oe are applied parallel to the axial direction of the wires and that result in an increase in current at all bias voltages maintaining the nonlinear shape of the I-V curves. The nonlinearity behavior of the I-V curves arises as a result of the Schottky barrier between the Ti/Cu electrodes and the LSMO wire. Similar nonlinearity behavior has been already reported. 21 The nonsymmetry observed in certain I-V curves arises as a result of the asymmetry in the two Schottky junctions used for the measurement. Large change in current is observed particularly in devices with channel diameter around 80 nm as shown in Fig. 3͑a͒ , when an external magnetic field of 1000 Oe was applied. For thicker channels with diameter around 120-240 nm, the change in current gradually decreases as shown in Figs. 3͑b͒ and 3͑c͒ . No significant change in current is observed in devices with channel diameter that is 280 nm or above as displayed in Fig. 3͑d͒ . Switching off the magnetic field produces the same I-V response as the initial measurement without the magnetic field. The MR, defined as ⌬R / R 0 = ͑R 0 − R H ͒ / R 0 , where R 0 is the resistance of the LSMO devices at zero applied field and R H , the resistance of the devices under external field of 1000 Oe, changes by 20%-28%. As shown in Fig. 4 , the LFMR decreases with increase in wire diameter. Above 280 nm, there were no detectable LFMR. The LSMO nanostructures are formed from La, Sr, and Mn nitrates that are mixed with the polymer during annealing at 730°C. Prior to the high temperature annealing, the binding polymer is evaporated by heating the electrospun structures at 530°C. As it evaporates, annealing at higher temperature results in grains of LSMO interconnecting to form LSMO wires of different diameters. We propose that the large increase in MR is related to the spin-polarized intergrain tunneling which is extremely sensitive to an applied magnetic field. 7 The MR for ferromagnetically coupledgrains is shown to be dependent on the intergrain exchange constant ͑J͒, electron spin polarization ͑P͒, and the magnetization ͑m͒.
7 It has been shown that the smaller grain sizes are strongly coupled with high-intergrain exchange constant ͑J͒ and high degree of spin polarization ͑P͒. 4, 5, 22 As the wire size increases the number of grains decreases which results decreased MR. In order to support that the number of grains increases with the decrease in wire diameter we have carried out resistivity versus temperature measurements for three different wires and the data is presented in Fig. 4 ͑inset͒. Resistivity increases with the wire diameter indicating that the grain size plays an important role.
In summary, electrospun La 0.67 Sr 0.33 MnO 3 wires have been grown and the magnetotransport studies demonstrate that a large MR response at low fields can be realized in LSMO devices with nanowire diameters around 80 nm. This effect observed in nanowires can be exploited for fabricating practical devices operating at room temperature.
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